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In many countries, cancer outcomes are better in women and men with high compared to low socioeconomic status (SES).[1](#ijc31272-bib-0001){ref-type="ref"}, [2](#ijc31272-bib-0002){ref-type="ref"} This association has also been observed in Sweden, a country with a tax‐financed national health care system aiming to provide care on equal terms to all residents.[3](#ijc31272-bib-0003){ref-type="ref"}, [4](#ijc31272-bib-0004){ref-type="ref"}, [5](#ijc31272-bib-0005){ref-type="ref"}

In a previous study from our group, men with high SES were more likely to receive radical prostatectomy for high‐risk prostate cancer (Pca), and had lower Pca mortality compared to men with low SES with the same severity of disease.[6](#ijc31272-bib-0006){ref-type="ref"} However, to date, there are little data on associations between SES and other aspects of Pca care, including waiting times, patterns of work‐up, diagnostics and treatment as well as outcome.[7](#ijc31272-bib-0007){ref-type="ref"}, [8](#ijc31272-bib-0008){ref-type="ref"}

The aim of this study was to examine associations between indicators of SES and quality indicators of Pca management, and Pca and all‐cause mortality by use of data in a nationwide, population‐based cohort in Sweden.

Materials and methods {#ijc31272-sec-0002}
=====================

Study population {#ijc31272-sec-0003}
----------------

We conducted a cohort study of men with Pca diagnosed between 2007 and 2014 and registered in the National Prostate Cancer Register of Sweden (NPCR).[9](#ijc31272-bib-0009){ref-type="ref"}, [10](#ijc31272-bib-0010){ref-type="ref"}, [11](#ijc31272-bib-0011){ref-type="ref"} NPCR captures 98% of all incident Pca cases in Sweden since 1998 compared to the Swedish Cancer Register to which reporting is mandated by law. NPCR contains detailed information on primary treatment and cancer characteristics, including a modified version of the National Comprehensive Cancer Network (NCCN) Pca risk categories[9](#ijc31272-bib-0009){ref-type="ref"}: low‐risk (local clinical stage T1--2, Prostate‐specific antigen (PSA) \<10 ng/mL and, Gleason score (GS) ≤6), intermediate‐risk (T1--2, Gleason score 7 and/or PSA 10 to \<20 ng/ml), high‐risk (T3 and/or Gleason score 8--10 and/or PSA 20 to \<50 ng/ml), regionally metastatic (T4 and/or N1 and/or PSA 50 to \<100 ng/ml in the absence of distant metastases (M0 or Mx)) and distant metastases (PSA ≥100 ng/mL or M1). Further risk categories that we applied in specific analyses were very low‐risk (age \<75, cT1, Gleason score (GS) ≤6, PSA \<10 ng/ml, PSA density \<0.15, number of biopsy cores positive for cancer ≤4, cancer extension at biopsy \<8 mm) and very high‐risk (T4, 50 ≤ PSA \< 200 ng/ml, any N, M0).[9](#ijc31272-bib-0009){ref-type="ref"} In May 2016, NPCR was linked to the Prescribed Drug Registry, the Patient Registry, the Cause of Death Register, the Longitudinal database on socioeconomic factors (acronym in Swedish LISA) and the Register of Total Population and Population changes to generate Prostate Cancer data Base Sweden (PCBaSe) RAPID. As previously described, Charlson Comorbidity Index (CCI) was calculated based on discharge diagnoses in the Patient Registry by use of 17 groups of diseases with each diagnosis assigned a specific weight (1, 2, 3 and 6) and the sum of these weights resulted in three levels of CCI: 0 for no comorbidity, 1--2 for mild to moderate, and 3+ for severe comorbidity.[12](#ijc31272-bib-0012){ref-type="ref"}, [13](#ijc31272-bib-0013){ref-type="ref"}

Information on educational level, annual disposable income, and marital status was retrieved from the LISA database. Men were categorized according to the highest attained level of education, into low (\<10 years mandatory school), intermediate (10--12 years high school), and high (university or college). Annual disposable income was defined as personal income reported in the year preceding the Pca diagnosis, and assessed in quartiles. Marital status was also retrieved from the year before Pca diagnosis. A number of end‐points associated with quality of care were used including adherence to recommendations in the Swedish National guidelines for Pca issued in 2007 regarding treatment selection, execution of treatment, and Pca and all‐cause mortality was also assessed by use of data in The Cause of Death Registry.

Statistical analyses {#ijc31272-sec-0004}
--------------------

Logistic regression models were used to estimate univariable and multivariable odds ratios (OR) and 95% confidence intervals (CI) for the events of interest. Adjustments were made for age at diagnosis, calendar year of diagnosis, CCI, region of residence and Pca risk category. In addition, cumulative incidence of Pca mortality and all‐cause mortality was calculated as competing risk stratified for age (below or above 65 years), CCI (0, ≥1) and education level and income. Men were at risk from diagnosis until death or until end of follow‐up at December 31, 2014, whatever event that occurred first. Gray\'s test was used for comparing differences in mortality according to SES.

Results {#ijc31272-sec-0005}
=======

Baseline characteristics {#ijc31272-sec-0006}
------------------------

Of the 74,643 men in the study, a majority were below age 70 at date of diagnosis (54%), had CCI 0, that is, no known comorbid conditions (74%) and had a low or intermediate‐risk Pca (58%) (Table [1](#ijc31272-tbl-0001){ref-type="table-wrap"}). Men in the highest income quartile had a higher proportion of low‐risk Pca compared to men in the lowest quartile of income (39% vs. 18%). Conversely, distant metastases were less common in men with highest income (6%) compared to men with lowest income (19%). In the full study group, educational level was low for 35% of the men, intermediate for 39%, and high for 25%, and 66% of men were married at the time of diagnosis. Median follow‐up was 3.3 years \[IQR 1,5--5.3\] and 101 men (\<1%) were lost to follow‐up. Similar patterns were found according to educational level (Supporting Information, Table 1).

###### 

Baseline characteristics of the study cohort in Prostate Cancer data Base Sweden RAPID stratified by quartiles of disposable income

                                   All men\*     Q1            Q2            Q3            Q4
  -------------------------------- ------------- ------------- ------------- ------------- -------------
  **Year of diagnosis**                                                                    
  2007--2008                       17,319 (23)   5,858 (31)    3,924 (21)    4,164 (22)    3,372 (18)
  2009--2011                       29,439 (39)   7,749 (42)    7,455 (40)    7,277 (39)    6,954 (37)
  2012--2014                       27,885 (37)   5,053 (27)    7,280 (39)    7,218 (39)    8,333 (45)
  **Age**                                                                                  
  \<65 years                       22,703 (30)   2,877 (15)    2,491 (13)    7,766 (42)    9,568 (51)
  65--69 years                     17,679 (24)   3,148 (17)    4,293 (23)    4,936 (26)    5,299 (28)
  70--74 years                     13,542 (18)   3,935 (21)    4,639 (25)    2,889 (15)    2,077 (11)
  75+ years                        20,719 (28)   8,700 (47)    7,236 (39)    3,068 (16)    1,715 (9)
  **Charlson comorbidity index**                                                           
  0                                54,956 (74)   11,873 (64)   12,616 (68)   14,734 (79)   15,727 (84)
  1                                9,175 (12)    3,104 (17)    2,756 (15)    1,913 (10)    1,402 (8)
  2+                               10,512 (14)   3,683 (20)    3,287 (18)    2,012 (11)    1,530 (8)
  **Risk category**                                                                        
  Low risk                         20,838 (28)   3,358 (18)    4,073 (22)    6,122 (33)    7,282 (39)
  Intermediate risk                22,528 (30)   4,659 (25)    5,385 (29)    6,072 (33)    6,411 (34)
  High risk                        16,186 (22)   5,078 (27)    4,839 (26)    3,560 (19)    2,708 (15)
  Regionally metastatic            4,313 (6)     1,592 (9)     1,229 (7)     866 (5)       626 (3)
  Distant metastases               8,944 (12)    3,489 (19)    2,613 (14)    1,637 (9)     1,204 (6)
  Missing                          1,834 (2)     484 (3)       520 (3)       402 (2)       428 (2)
  **Primary treatment**                                                                    
  Radical prostatectomy            21,218 (28)   2,741 (15)    3,562 (19)    6,544 (35)    8,366 (45)
  Radiotherapy                     11,516 (15)   2,428 (13)    2,963 (16)    3,419 (18)    2,706 (15)
  Active surveillance              12,773 (17)   2,074 (11)    2,712 (15)    3,660 (20)    4,326 (23)
  Watchful waiting                 8,594 (12)    2,957 (16)    2,882 (15)    1,648 (9)     1,107 (6)
  Antiandrogens                    5,385 (7)     1,923 (10)    1,892 (10)    964 (5)       606 (3)
  GnRH agonists                    15,157 (20)   6,537 (35)    4,648 (25)    2,424 (13)    1,548 (8)
  **Reason for PCa diagnosis**                                                             
  Health check‐up                  32,231 (43)   5,589 (30)    6,844 (37)    9,033 (48)    10,762 (58)
  LUTS                             26,092 (35)   8,053 (43)    7,414 (40)    5,951 (32)    4,673 (25)
  Symptoms                         13,993 (19)   4,484 (24)    3,842 (21)    3,105 (17)    2,561 (14)
  Missing data                     2,257 (3)     518 (3)       551 (3)       551 (3)       636 (3)
  **Education level**                                                                      
  Low                              26,146 (35)   10,527 (56)   7,836 (42)    5,017 (27)    2,766 (15)
  Intermediate                     29,112 (39)   6,104 (33)    7,666 (41)    8,407 (45)    6,935 (37)
  High                             18,771 (25)   1,614 (9)     3,081 (17)    5,187 (28)    8,889 (48)
  Missing data                     614 (1)       415 (2)       76 (0)        48 (0)        69 (0)
  **Marital status**                                                                       
  Never married                    8,334 (11)    2,739 (15)    1,767 (9)     2,161 (12)    1,667 (9)
  Divorced/Widower                 17,159 (23)   4,897 (26)    5,034 (27)    3,863 (21)    3,365 (18)
  Married                          49,142 (66)   11,023 (59)   11,858 (64)   12,635 (68)   13,626 (73)
  Missing data                     8 (0)         1 (0)         0 (0)         0 (0)         1 (0)

Abbreviation: GnRH: gonadotropin releasing hormone agonist, LUTS: lower urinary tract symptoms. Quartile of disposable income: Q1 lowest -- Q4 highest. Risk categories: low‐risk (T1--2, Prostate‐specific antigen (PSA) \<10 ng/mL and Gleason score (GS) ≤6), intermediate‐risk (T1--2, Gleason score 7 and/or PSA 10 to \<20 ng/ml), high‐risk (T3 and/or Gleason score 8--10 and/or PSA 20 to \<50ng/ml), regionally metastatic (T4 and/or N1 and/or PSA 50 to \<100ng/ml in the absence of distant metastases (M0 or Mx)), and distant metastases (PSA ≥100 ng/mL or M1).

*p* values in Chi square test \< 0.001 for all variables.

\*6 (\<1%) men have missing income data.

Men in the highest income quartile were more likely to receive a Pca diagnosis after PSA testing as a part of a health check‐up than men in the lowest quartile, odds ratio (OR) 1.60 (95% CI = 1.45--1.77), less likely to receive a diagnosis of advanced Pca (OR 0.57; 0.54--0.60), of waiting \>3 months to radical prostatectomy (OR 0.77; 0.69--0.86), and of having a waiting time to start of radiotherapy exceeding the median (OR 0.81; 0.68--0.96) (Fig. [1](#ijc31272-fig-0001){ref-type="fig"} *a*). However, men with the highest incomes and very low‐risk Pca were not more likely to receive active surveillance, the recommended treatment for very low‐risk Pca, than men with lowest incomes (Fig. [1](#ijc31272-fig-0001){ref-type="fig"} *b*). In contrast, men with high education were more likely to receive active surveillance than men with low education, OR 1.28 (1.06--1.55).

![(*a*) Odds ratios (OR) and 95% confidence intervals (95% CI) for adherence to quality indicators in national guidelines according to educational level and income. (*b*) Treatment strategies and treatment execution.\
Pca: prostate cancer; AS: active surveillance, curative tx: curative treatment (either radical prostatectomy or radiotherapy), GnRH: gonadotropin releasing hormone agonist, RP: radical prostatectomy, RT: radiotherapy; Educational level: low = compulsory school, \<10 years; intermediate = upper secondary school, 10--12 years; high = college or university, \>12 years; Quartile of disposable income: Q1 lowest -- Q4 highest; Risk categories: very low‐risk (T1c, Gleason score (GS) ≤6, Prostate‐specific antigen (PSA) \<10 ng/ml, PSA density \< 0.15, number of biopsy cores positive for cancer ≤4, cancer extension at biopsy \<8mm), low‐risk (T1‐2, PSA \<10 ng/mL and GS ≤6), intermediate‐risk (T1‐2, Gleason score 7 and/or PSA 10 to \<20 ng/ml), high‐risk (T3 and/or GS 8--10 and/or PSA 20 to \<50ng/ml), very high risk (T4, PSA 50 to \<200 ng/ml, any N stage, M0), regionally metastatic (T4 and/or N1 and/or PSA 50 to \<100 ng/ml in the absence of distant metastases (M0 or Mx), and distant metastases (PSA ⋛100 ng/ml or M1); Advanced prostate cancer includes the risk categories of high‐risk, locally advanced, regionally metastatic, and distant metastases.](IJC-142-2478-g001){#ijc31272-fig-0001}

Men with high income were also more likely to receive curative treatment for intermediate and high‐risk Pca, OR 1.77 (1.61--1.95), more likely to receive curative treatment for very high‐risk Pca, OR 1.48 (1.07--2.05), and less likely to have positive surgical margins at prostatectomy (incomplete resection of the cancer on histopathological assessment of prostatectomy specimen), OR 0.80 (0.71--0.90).

There was a statistically significantly lower Pca mortality after 6 years of follow‐up in men with CCI 0 of all ages with highest income compared to lowest in the risk categories high‐risk and metastatic disease and in men above age 65 also among those with intermediate risk and regionally metastatic disease (Fig. [2](#ijc31272-fig-0002){ref-type="fig"}). Similar, but smaller differences were also observed in men with CCI 1 and higher and also according to educational level (Supporting Information, Figs. 1--3). All‐cause mortality was substantially lower in men with high SES, for example, in men above age 65 with CCI 0 and low‐risk Pca, all‐cause mortality was two‐fold lower in men with highest compared to lowest income (12% vs. 30%, *p* \< 0.001).

![Prostate cancer and all‐cause mortality by income, age and prostate cancer risk category in men with Charlson Comorbidity Index 0.\
Pca: prostate cancer; Quartile of disposable income: Q1 lowest -- Q4 highest; Risk categories: very low‐risk (T1c, Gleason score (GS) ≤6, Prostate‐specific antigen (PSA) \<10 ng/ml, PSA density \< 0.15, number of biopsy cores positive for cancer ≤4, cancer extension at biopsy \<8mm), intermediate‐risk (T1‐2, GS 7 and/or PSA 10 to \<20 ng/ml), high‐risk (T3 and/or GS 8--10 and/or PSA 20 to \<50ng/ml), and very high risk (T4, PSA 50 to \<200 ng/ml, any N stage, M0); *p* from Gray\'s test.](IJC-142-2478-g002){#ijc31272-fig-0002}

Discussion {#ijc31272-sec-0007}
==========

In this population‐based register study in Sweden of men diagnosed with Pca between 2007 and 2014, there were statistically significantly higher probability of low or intermediate‐risk cancer characteristics and higher diagnostic and treatment intensity in men with high compared to low SES assessed by income and educational level, with the strongest differences observed for income. There was modestly lower Pca mortality in men with high SES whereas all‐cause mortality was substantially lower in men with high SES.

Strengths of our study included the nationwide setting encompassing 75,000 men with Pca with virtually complete follow‐up.[9](#ijc31272-bib-0009){ref-type="ref"}, [11](#ijc31272-bib-0011){ref-type="ref"} In addition to comprehensive information on SES, Pca management and outcomes, data on several potential confounders were available, including comorbidity and marital status. In contrast to earlier studies of this topic, we had access to individual level information on SES indicators. Several limitations need mentioning. The use of income and educational level as indicators of SES do not cover all aspects of SES in relation to health. Income is affected by retirement, with less marked differences after retirement, and as a majority of men in this study were above age of retirement this likely attenuated the association between income and pattern of care and mortality. High educational level is associated with high health awareness and ability to navigate the health care system. Both income and education have been widely used in previous studies on social gradients in health care delivery and outcomes. In our study, these measures yielded similar risk estimates with somewhat stronger associations for income. In the absence of data, we were unable to address the effects of other factors such as life style, health beliefs and awareness, and health care seeking behavior. To assess comorbidity, an index based on conditions requiring hospital admissions identified in the in‐patient register was used, which likely underestimated the comorbidity burden.

Socioeconomic differences in disease management and outcomes have been reported in studies conducted in a large variety of settings.[16](#ijc31272-bib-0016){ref-type="ref"}, [17](#ijc31272-bib-0017){ref-type="ref"} Mechanisms contributing to social gradients in cancer management and prognosis remain incompletely understood, but have been discussed in relation to characteristics of the disease, the host and the health care system.[18](#ijc31272-bib-0018){ref-type="ref"} Cancer characteristics include both biological features and stage at diagnosis with more advanced disease at presentation more common in disadvantaged groups often hypothesized as the main driver of socioeconomic inequalities in survival.[19](#ijc31272-bib-0019){ref-type="ref"} In addition, results from our previous study showed differences in cancer survival according to SES also within a specific risk category.[20](#ijc31272-bib-0020){ref-type="ref"}

Host characteristics are also likely to affect outcomes. Comorbidity burden is generally higher in men with low SES. A poor general health is associated with frailty and impaired host resistance, precluding intensive treatment. Furthermore, life style factors that compromise health including smoking, physical inactivity and obesity are more prevalent in women and men with low SES. Health care‐seeking behavior and patient--clinician interactions are also factors associated with SES that influence management and outcomes. Finally, adherence to treatment and acceptance of surgical risks may differ by SES.[21](#ijc31272-bib-0021){ref-type="ref"}

Timely access to and provision of high quality cancer care is a key determinant for cancer outcomes. In our study, men with high SES, and in particular men with high income, had significantly shorter waiting times, more frequently received treatment with curative intent, and had better short‐term surgical outcomes. Furthermore, men with high SES and intermediate and high‐risk Pca were more likely to receive curative treatment as recommended by prostate cancer guidelines[6](#ijc31272-bib-0006){ref-type="ref"}, [22](#ijc31272-bib-0022){ref-type="ref"}, [23](#ijc31272-bib-0023){ref-type="ref"} in line with findings in previous studies, for example, men with high SES in the UK and the US were more likely to undergo surgery.[24](#ijc31272-bib-0024){ref-type="ref"}, [25](#ijc31272-bib-0025){ref-type="ref"} More men with high SES and very high‐risk Pca in our study received treatment with curative intent than men with low SES, despite the absence of guidelines recommending this treatment.

One aspect that countered the benefit of the more active attitude toward Pca detection and treatment is that more men with high SES received an overdiagnosis, that is, a diagnosis of a cancer that would never have caused any symptoms even without treatment.

There were modest differences in Pca mortality according to SES after 6 years of follow‐up with a lower mortality in men with high income, with the strongest difference in men above 65 with no other comorbidities.[6](#ijc31272-bib-0006){ref-type="ref"} Given the long disease trajectory in men with localized Pca, 6 years of follow‐up is a too short time period to assess outcome for men with low‐ and intermediate‐risk Pca. As expected and corroborating results from previous studies, all‐cause mortality was much lower in men with high compared to low SES.[14](#ijc31272-bib-0014){ref-type="ref"}, [15](#ijc31272-bib-0015){ref-type="ref"}

Conclusions {#ijc31272-sec-0008}
===========

Consistent differences according to SES in presentation, waiting times, treatment selection and execution and Pca and all‐cause mortality were found in men with Pca in Sweden, a country with a tax‐financed health care system aiming to provide equal care to all residents. While the reasons for these inequalities in cancer care according to SES remain unknown, these findings underscore the importance of adherence to guidelines to ensure optimal and equal care for all patients diagnosed with cancer.
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